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Amphiphilic a-helix peptides carrying porphyrin or flavin moieties were designed and f™| 

synthesized. The tetraphenylporphyrin and 7-acetyl-lO-methyUsoalloxazine were able n* 
to be fixed aivd arranged with a chbral twist m a 3D structure constructed by the 

amphiphilic folding of a-helices. Furthermore, assembly of die peptides on a gold q 

electrode tvos examined. *^gj 

< 

Introduction 

Studies on natural proteins applicable for electronic devices, for example, 
bacteriorhodopsin and bacterial photosynthetic reaction center, have been accumulated 
at the level of atomic resolution. Along with these findings, much attention has been 
focused on construction of 3D structures of polypeptides containing functional 
chromophoies. Considerable efforts have been devoted to the de novo design of 
polypeptides and proteins with stabilized and pre-defined structures [1]. Ultimate goal 
of the protein design would be to know the principles in highly efficient functions of 
natural proteins and to produce artificial molecules with such functions. We have 
investigated the designed peptides which have a protein-like tertiary structure composed 
of a-helices [2]. On the basis of these studies, we have found that the designed peptides 
could organize orientation of functional chromophores such as porphyrin, pyrcne, Ru- 
trisbipyridine, and other photo- and redox-active groups, on the a-hefical scaffold. In 
this study, we investigated chirai assembly of tetraphenylporphyrin and flavin which 
were anchored on side chains of newly designed amphiphilic Ot-helix peptides (Fig. 1). 
Dependence of the porphyrin- and flavin -assembly on the conformational changes of the 
peptides was examined. Furthermore, orientation of the peptides in monolayer on a gold 
surface was attempted lor the future design of peptidyl devices. 

Results and Discussion 

A 14-peptide was designed to take an amphiphilic a-helix structure, in which a 
hydrophobic amino acid Leu, charged amino acids Lys and Glu, and non-charged 
hydrophilic amino acids Ala and Gin were deployed on the helve in a manner similar to 
coiled-coiJ proteins (Pig- !)• 5 -(4-Carboxy phenyl)- 10,15 20-tris(4-methylphenyl> 
porphyrin (Pot) was introduced on the side chain of Lys at the 6th position instead of 
Leu (Porla). 7-Acetyl-10-msthylisoaUo*a7_ine (Fla) was introduced on the Cys side 
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Fig. 1. Structure of Par- andFla-2a-Pepiid*S- 



l. . . cpc rrethod using Fmoc cheirasny [Lys(r>ocj , i^ys^i^r / ^ tc™^ 

CvsrS 6 ^ £ ' a5?i. Cys(Acm)* and other protecting 

offered Po,2a s» S g«Bd that both peptides were » mnmsne and dinene fern 

^ ™ n^a ^ The rTLlicitv [61222 of Porla in a buffer solution was shghtly larger 
SSJSSrffcS*. ^flotpe^tide without the porphyrin could not take an a ; helical 
^cJre J SS~us solution 1 . Therefor the stabilization of the a-helix smicUiie of 
iSrla fe ascribed to the peptide assembly by the large and hyd»P h °S.P°^y™. J 
;nne^rf that Porta is flexibly assembled to a 4a-helix conformation with higher a-hehciy 
SToTa P Al"£ So'retUd of the porphyrin great CD spectra w^obj^jdm 

aqueous ^^J^KS? ^.*^fflt»Tl^« tS^hyrins 
ndicacS that"; h hlgh'groiki.iad in close positions in the four- 

Xed [intensity and red-shifted compared with those in TFE. The fluorescence 
SlSL of &Ses were also reduced in ca. 1/10 compared with Jose m TFE. 
xntensmes of^p P^ Qf ^ coM be regulatedby the add^n of 

cr,l*enT the sDecna were measured at the various content of TEE (Fig. 3). At tne 

S a It^ 

TFE content, and reached to a rraxirnum at 30% (Porla) and ^40% (Fojzoy IJ-^ «^ 
contents, the intensities were enhanced m 4-6 fold (A[Qomh - >' *i° d ^^-helkW 
wj.v. fnnher addition of TFE the spht CD disappeared at 70-80% Tft. ine a neucuy 
S t behaved sS to thf split CD. The dirrSished intensUies inthe absorption and 
&S^efSSS ^canceled by the TFE addition. In TFE, the spectra » 
SriETSSS ■ o ^the porphyrin. The TFE-titration experiments revealed that the 

(30%), probably due to the covalent bonding of the 2a-pepnae. 
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Fig. 2. CD spectra of Porla (A) and Porla 

(B) in 20 mM TrisHCl (pH 7.4) ( ), 4Q% 

TFEIbuffer (- ), and TFE (- - - -). 16} m 

amide and porphyrin regions are indicated per 
residue and porphyrin, respectively. [Por] ^ 
20 pM, 25 f. 
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Fig. 3 . Dependence of the CD spectra at 430 

nm on TFE content. ( -) Porla and 

( ) Por2a. 



CD spectra of Fla-peptides were Treasured in buffer and TFE (Fig. 4). Ffala did 
noi take an a-helix structure in aqueous solution, while Fla2a folded in an 2a^hehx 
structure in buffer. However, the a-helicities were not high, especially for Ra°2a. The 
rather hydrophilic group, Fla, seems to prevent the amphiphflic folding of the 2a-nera 
peptides. Both la and 2a peptides attained a-hehx structures m TFE. The flavin CO 
at the side chains were observed and changed dramatically depending on circumstances 
and the conformation. These results suggested that the Fla groups were ctnraBy 
oriented on the a-hefical scaffold and the orientation was regulated by the peptide 
conformation. The absorption and fluorescence spectra confirmed the CD results. 

The PorfMn> and Fla-peptides were adsorbed on a gold surface of an electrode 
through the sulfide linkage. The cyclic voltammetry revealed chat the functional groups, 
PorfMn) and FJa, were redox active on the electrode, and the peptides bound on the 
surface as an a-heHcal monolayer (Fig. 5). Furthermore, the Fla-peptides mediated the 
electron transfer from the electrode to [FeCCN^J 3 " and cytochrome c in a vector manner. 

The chiral assembling of porphyrins and flavins was achieved by the combination or 
the designed a-helical peptides. The defined spatial orientation of functional groups by 
polypeptide 3D structures could be applied to elucidation of roles of . polypeptide 
structures on proteinous functions, and obtained information wffl be useful to design 
artificial proteins. The successful assembly of the peptides with pre-defined 
conformation on a surface will be useful for evaluating characters of artificial peptides 
and further developing peptidyl devices. 
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Fig 5- Cyclic voliammogram of FkP la 
in 100 mM phosphate (pH 7.0) . 
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